Introduction
Helical computed tomography (CT) has largely extended the possibilities of radiologic imaging and has become an important diagnostic method for the evaluation of acute abdominal and pelvic pain [1] . Due to the speed of modern helical CT, relatively large portions of the abdomen may be examined during a single breath hold. In 1995, Smith et al. [2] were the first to report about the advantages of unenhanced helical CT in the differential diagnosis of acute flank pain. The excellent contrast, the high resolution of this imaging device and the high-speed data processing let this technique appear especially attractive in acute clinical situations which are related to ureteral and renal calculi.
It was the aim of this prospective study to verify the diagnostic power of unenhanced helical CT in the evaluation of acute flank pain in comparison to plain radiography, urinalysis and ultrasound examination. In contrast to so far available studies in which the validation of diagnosis was, to a considerable extent, partly achieved by applying questionnaires, we introduce a collective in which the majority of the CT results (80/125) were evaluated by means of retrograde ureteropyelography. After introduction of unenhanced helical CT for evaluation of flank pain at first only patients with contraindications for intravenous pyelography (IVP) were examined. Thus, the high percentage of patients with retrograde studies is due to the large number of patients with an absolute or relative contraindication for intravenous administration of contrast medium. Unenhanced helical CT is compared to alternative means of diagnosing acute ureteral stone disease and the clinical utility of obtaining plain radiographs is discussed.
Patients and Methods
Between September 1999 and May 2000, we performed unenhanced helical CT in 125 patients (35 females, 90 males) aged 18-86 years (mean 55) in addition to abdominal plain film as a diagnostic measure for acute flank pain. Eighty-two patients had a strict or relative contraindication for an intravenous administration of contrast medium. In 8 patients allergies against radiopaque material were known and 9 patients suffered from hyperthyrosis. Sixty-five patients had elevated serum creatinine levels of 1.6-10.4 mg/dl (mean 2.0 B (SD)1.5 mg/dl; normal values 0.5-0.9 mg/dl for females and 0.5-1.1 mg/dl for males) at the time of admission. In addition to an ultrasound examination of the urinary tract performed by an experienced doctor, urinalysis (Combur 9 -Test ® M dipstick testing, Roche Diagnostics, Mannheim, Germany) and urinary sediment were evaluated in all patients. The urine specimens were taken by sterile catheterization in female patients. Hematuria was defined as more than 3 red blood cells per high-power field. Ureteral calculi were confirmed or, respectively, excluded by retrograde ureteropyelography in 80 cases and ureteropyelography was combined with ureteropyeloscopy in 73 patients. Retrograde studies were done in the majority (49/80) of patients within 24 h after unenhanced helical CT (range 4-72 h). Retrograde studies were done in a standardized manner: subsequent to hemilateral plain radiography, contrast medium was applied retrogradely by a 5-Charr ureteral catheter. In cases of ureteral dilatation, ectasia of the renal pelvis, lacking prompt drainage of contrast medium, or contrast medium sparings (suspicious of ureterolithiasis) ureteropyelography was performed. In 16 patients with ureterolithiasis the diagnosis was validated by asservation of calculi, ultrasound control and clinical follow-up. Clinical examination (supplementarily performed by other physicians like neurologists, gynecologists, surgeons, and internists), ultrasound control or surgery led to the diagnosis in 29 patients.
Helical CT was carried out with the Siemens Somatom 4 plus ® (140 kV, 129 mA). The anatomic region between the upper margin of the first lumbar vertebral body and the symphysis was scanned during breath hold. The CT parameters used included 3 mm collimation, pitch = 2 and incremental reconstruction every 3 mm. The whole examination time including Scoutview and helical CT was less than 3 min. No oral or intravenous contrast medium was applied.
Results
In 91 of 125 patients the flank pain was caused by a ureteral calculus (43 E on the right side, 48 E on the left side). Sixteen calculi were located in the proximal ureter, 12 in the middle third of the ureter and 63 could be found in the distal ureter. In 67 of 91 patients with urolithiasis stones could be collected for analysis (11 E uric acid, 1 E struvite, 55 E calcium oxalate urolithiasis). The maximum stone diameter was 4.8 B3.7 mm (min 2.0 mm, max. 20.0 mm).
Helical CT was able to precisely identify 90 ureteral calculi. In 1 patient with retroperitoneal lymphoma (correctly diagnosed by CT) false-positive findings occurred and in another with an indinavir calculus CT was false-negative. Abdominal plain films led to 8 false-positive and 48 falsenegative findings, whereas 26 findings were correctly negative and 43 correctly positive. Ultrasound was only able to directly visualize 10 of the 91 ureteral calculi, whereas a dilatation of the renal pelvis (present in 79 of the 91 stone patients) was correctly detected in all cases. Microscopic hematuria was found in 76 of 91 patients with ureterolithiasis and in 23 of 34 patients without ureteral calculi. Further results -differentiated according to the presence of ureteral calculi -are listed in tables 1 and 2. Apart from 1 patient with renal cyst hemorrhage and another patient with a bladder tumor, we documented a ureteropelvic junction stenosis in 4 patients, bilateral hydronephrosis due to prostate cancer in 2 patients, ureteral stenosis in 5 and pyelonephritis in another 5 patients. In addition, we detected nonurologic causes for acute pain in 4 cases by means of unenhanced helical CT (1 patient suffered from sigmoid diverticulitis, pancreatitis, acute ovarian cyst hemorrhage and an aneurysm of the abdominal aorta, respectively). In 9 patients the acute flank pain was due to a lumbago or sciattica with confirmation of diagnosis by a neurologist. Surgery led to correct diagnosis in 6 patients. In 11 patients without stone collection but complete reduction of symptoms and sonographic disappearance of initially demonstrated dilatation of the collecting system, ureterolithiasis was defined as the cause of flank pain. The etiology of the pain remained unclear in 3 patients in whom urolithiasis had been excluded. Retrograde ureteropyelography confirmed the diagnosis of ureterolithiasis in 64 patients. In 16 patients retrograde studies excluded ureteral calculi. The presence of hydronephrosis or ureteral ectasia in the retrograde studies correlated well with both ultrasound and unenhanced helical CT findings. Figures 1-3 give a comparison of the radiologic findings in a 50-year-old man with a calculus of the left ureter.
Discussion
The present study introduces the unenhanced helical CT as an extraordinarily effective and quick procedure especially for the evaluation and differential diagnosis of acute flank pain. In contrast to the so far available studies performed by other centers, we performed retrograde ureteropyelography for the validation of diagnosis in 80 of 125 patients. The percentage of calculi asservation (74%) was very high. The literature data for the sensitivity (95% up to 100%) and the specificity (96% up to 100%) of stone detection through helical CT were confirmed by our results, since we reached a sensitivity of 99% and a specificity of 97% [1, [3] [4] [5] [6] [7] [8] (table 3) . Problems in diagnosis may solely occur in patients with calculi of the distal portion of the ureter without a noteworthy dilatation of the renal pelvis and in very thin patients with little retroperitoneal adipose tissue [2] [3] [4] [5] [8] [9] [10] [11] . Those study groups who had initially chosen a slice thickness of 5 mm recommended additional reconstruction with a slice thickness of 3 mm [6, 9] or even 2 mm [4, 7] case of unclear findings. The fact that only one false-negative result so far occurred in our collective might be due to the chosen CT parameters, including a primary slice thickness of 3 mm, whereas other groups chose a primary slice thickness of 5 mm [4, [6] [7] 9] . Nevertheless, we have now changed our CT parameters with a slice thickness of 5 mm (120 kV, 130 mA) from the upper margin of the first lumbar vertebral body to the upper margin of the acetabulum. From the acetabulum to the symphysis a slice thickness of 3 mm (120 kV, 185 mA) is chosen. These modifications led to a 30% reduction of radiation exposure without significant deterioration of imaging quality. Several studies were able to demonstrate a distinctively higher sensitivity and specificity of helical CT in comparison to IVP [1-3, 6, 11, 12] . Helical CT detected secondary changes (such as hydronephrosis, fornix rupture, kidney enlargement, striate zones of the perirenal tissue and ureteral ectasia) in patients with ureteral stones much more reliably than the standard IVP [2, 3, 7, 9, 11] . Even in retrospective analyses, abdominal plain films only reached a limited sensitivity (45-58%) and specificity (60-77%), since radiolucent calculi were not detectable by this method, superimpositions of bowel and osseous structures worsened the identification rate of stones and since the differentiation of stones and other pelvic calcifications was problematic in many instances [6, 8, 12, 13] . In our collective, abdominal plain films led to 8 false-positive and 48 false-negative results, corresponding with a sensitivity of 47% and a specificity of 76%.
While ultrasound is perfectly able to detect dilatations of the renal pelvis and ureteral ectasia as indirect indicators of ureteral calculi (however, these indirect indicators are often missing in the early phase [5] ), this method is not able to directly show ureteral stones in most cases [6, 8] . We were only able to directly show ureteral stones by ultrasound in 10 patients. Furthermore, emphasis is put on the fact that a dilatation of the renal pelvis was missing in 12 of our 91 patients (13%) with a proven ureterolithiasis, whereas a dilatation of the symptomatic renal pelvis was found in 15 of the 34 patients without ureteral calculi. A similar situation was found regarding microhematuria, which was present in 76 of the 91 patients with ureteral calculi (84%), but also in 68% (23/34) of the patients without ureterolithiasis. Miller et al. [6] Helical CT only takes a short time which is to be considered advantageous especially in terms of acute diagnostics. While an IVP should not be performed during or shortly after an acute episode of flank pain due to the increased risk of fornix rupture [13] , no limitations are known for the performance of unenhanced helical CT (after adequate analgetic therapy). Other contraindications of IVP (allergies against the contrast medium, myeloma, hyperthyrosis, severe dehydration) are not applicable for unenhanced helical CT. This method is of further benefit, as it does not necessitate the application of a contrast medium, which always bares the risk of an anaphylactic reaction and nephrotoxicity [5, 8] . The frequency of non-life-threatening contrast medium damage requiring treatment is 0.2-0.4% for nonionic contrast media [14] . Life-threatening situations caused by the intravenous application of contrast medium are a rare condition (0.04% for nonionic contrast medium). Still, the application of contrast medium is the third most frequent (fortunately in most cases reversible) cause for renal insufficiency obtained during hospitalization [15] .
Contradictory estimations are given as for the radiation exposure, depending on the CT parameters and examination procedure. While two work groups [5, 6] assume the radiation exposure of helical CT to be only slightly higher, four other studies suggest a two-to threefold radiation exposure of helical CT in comparison to IVP [1, 7, 8, 16] . Conventional tomographies, zonographies and additional late films may, of course, increase the radiation exposure of IVP [17] . The radiation exposure caused by helical CT might be reduced by lowering the tube current (mAs), perhaps in combination with alterations of parameters effecting the incremental reconstruction and acquisition. The application of the newest CT generation with multidetectors is likely to combine both a better resolution and a reduction of radiation exposure. Finally, other concomitant pathological changes can be diagnosed through helical CT which are easily missed by IVP and, thus, would lead to further diagnostic measures [4] [5] [6] [7] [8] 11] . In the 34 patients without urolithiasis, unenhanced helical CT led to the diagnosis of urologic causes for flank pain in 18 patients and to nonurologic causes in 4 patients (1 patient with sigmoid diverticulitis, pancreatitis, acute ovarian cyst hemorrhage and an aneurysm of the abdominal aorta, respectively). Furthermore, no special preparation of the patient (especially no purgation) is required prior to helical CT. Ureteral calculi may also be safely diagnosed in case of preceding contrast examination of the bowel. Helical CT determines the calculus size more safely than conventional radiologic imaging [8] which is considered an important parameter regarding the indication for invasive therapy [3, 4, 7] . Additionally, helical CT is able to visualize so-called radiolucent calculi. Apart from pure indinavir stones (protease inhibitor for the treatment of HIV infection) [6, 18] which are rather difficult to visualize, all other calculi compositions can be exactly depicted [1, 3-6, 8, 10, 19] .
When using unenhanced CT in aid to diagnose acute flank pain, secondary signs of obstruction (ureteral dilatation, perinephric stranding, collecting system dilatation, and renal enlargement) are important for diagnosis, especially if there is no obvious ureteral calculus or only an indeterminate, but suspicious calcification [4, 20, 21] . Several recent investigations have shown that perinephric stranding and perinephric fluid correlate with ureteral pressure and the likelihood of stone passage [3, 5, 7] . The de- gree of obstruction can be assessed by the severity of hydronephrosis and perinephric fluid, indicating fornix rupture [5] . Thus, information about renal function can be infered [3] . As for the resulting costs of the two competing methods, two US study groups [8, 11] and one European group [1] conclude that unenhanced CT is even more cost-effective than IVP when taking into account the advantages of CT regarding reduced expenditure in terms of time and manpower. The costs arising through further examinations after performing IVP in case of unclear findings are not even considered.
Even when considering that clinicians initially have to get used to helical CT as a primary method for the detection of stones, this method has, in the meantime, replaced conventional radiological imaging (abdominal plain films, IVP) especially in those (mostly) American and European centers in which helical CT is available at any time. This development is most likely due to an increase in diagnostic speed and accuracy achieved by helical CT. In these centers, helical CT is even considered method of choice in patients without any contraindications for the application of contrast medium [1, 7-9, 11, 19] .
Conclusions
Unenhanced helical CT reaches a distinctively increased diagnostic value in the evaluation of acute flank pain as compared to conventional radiologic imaging and ultrasound. Because of the limited diagnostic value, we do not recommend plain radiography as a primary diagnostic tool in patients with clinically unclear flank pain, but once a stone is detected on CT a plain radiography facilitates patient follow-up care. Unenhanced helical CT is the noninvasive test of choice for all patients with acute flank pain in whom a clinical diagnosis is uncertain. Apart from the exact determination of the calculus size, the detection of urinary obstruction and of radiolucent stones, this method may allow to diagnose nonurologic causes for acute flank pain, such as sigmoid diverticulitis, pancreatitis or retroperitoneal tumors. Additionally, this diagnostic procedure does not take more than a few minutes. Besides rare problems of differential diagnosis in case of distal ureteral calculi, the limited availability and the higher radiation exposure have to be considered disadvantages of helical CT in comparison with IVP.
